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New Teaching Standards and Old Tests: Dangerous Mismatch?

Abstract

As almost every state attempts to reform mathematics instruction by implementing new

teaching standards, state testing practices remain largely unchanged. Is there a mismatch between

these new standards and the old tests? This question is investigated by examining whether middle

and high school algebra students taught in a manner consistent with the National Council for

Teachers of Mathematics Professional Standards performed differently on three standardized

algebra assessments than students taught in traditional classrooms. The data come from 94

teachers, 2,369 students, and 40 schools in one of the nation's largest school districts.

Results indicate that a mismatch does not exist between the Standards and the old tests.

In fact, middle school algebra students whose teachers spent more time using the NCTM teaching

approach had higher growth rates than students whose teachers spent less time using the

approach. However, students with higher ability levels benefited more. The growth rates of the

lowest achieving students, the high school students (who are disproportionately black and poor),

were not helped or hindered by the NCTM teaching approach.

This study provides policy makers with evidence that traditional multiple choice tests do

not directly undermine the standards movement in this one school district. On the other hand, old

tests will not provide teachers of low-achieving students with any incentive to adopt the

Standards.
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New Teaching Standards and Old Tests: Dangerous Mismatch?

Introduction

The latest wave of ambitious education reforms in the United States may be undermined

by a potential discontinuity: as almost every state attempts to reform mathematics instruction by

implementing new teaching standards (Blank & Pechman, 1995 ), state testing practices remain

largely unchanged (Blank, Hemphill, Sardina, Langesen, & Brathwaite, 1995). Advocates for

new standards claim that old tests "no longer suffice" (National Council of Teachers of

Mathematics, 1989, p.192). The old tests may undermine the standards-based reform efforts in

either of two ways. First, because the new standards ask teachers to emphasize skills not

measured on the old tests, student test scores might show no improvement, or even decline. Even

though students may be mastering important (albeit unmeasured) skills, a flat or declining test

score trend on the old tests could derail the reform efforts. The students, teachers, and schools

who choose to implement the standards may ironically be penalized for their efforts. Ultimately,

this could lead to the unraveling of the standards movement. Second, teachers may anticipate this

mismatch and therefore refuse to implement the new standards in the first place.

In this study, 1 examine the first scenario by looking over the course of one year at how

algebra students taught by teachers using the new standards perform on traditional tests relative to

their counterparts taught in a more traditional manner.

State curriculum frameworks, the federal government's Goals 2000 initiative, and the

rapid-fire succession of newly-minted standards documents produced by professional curriculum

associations are all testaments to the prominence of the standards movement. This movement

reflects a profound shift in educational policy. Historically, education reforms have tinkered at

the edges of the educational process; now policy makers are focusing on its very heart. "In its

1
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New Teaching Standards

two and quarter centuries, the United States has never [until now] had explicit education

content... goals" (Marshall, Fuhrman, & O'Day, 1994, p. 12). Even the extensive reform-efforts

of the 1970s and 1980s remained aloof from curriculum and teaching practices. During those

decades policy makers tried to improve schooling by adjusting resource allocations (e.g. striving

for racial balance and financial equity) and by setting outcome goals (e.g. setting minimum course

requirements and implementing minimum competency tests). The perceived failures of these

policies arguably has led to the country's current enthusiasm for educational standards aimed at

influencing teaching practice and the curriculum.

Mathematics standards are playing a significant role in the standards movement. Most

states have recently created or revised mathematics curriculum frameworks with explicit

recommendations regarding teaching practices which are heavily influenced by the National

Council of Teachers of Mathematics' (NCTM) Professional Standards for Teaching Mathematics

(Blank & Pechman, 1995). This should come as no surprise as NCTM was one of the earliest and

most important players in the development of curriculum and teaching standards (National

Council of Teachers of Mathematics, 1989). The ideas presented in these standards undergird not

only the state frameworks, but also other prominent science, mathematics, and technology

education reform movements throughout the United States and other developed countries (Black

& Atkin, 1996).

The Standards' argue that optimal learning of mathematics requires that teachers place

less emphasis on memorization of facts and mastery of routine skills and greater weight on

application, reasoning, and conceptual understanding. The Curriculum and Evaluation Standards

state that for students to "understand what they learn, they must enact for themselves verbs that

permeate the mathematics curriculum: `examine,' represent,"transform,"solve,"apply,'
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`prove,' communicate.' This happens most readily when students work in groups, engage in

discussion, make presentations, and in other ways take charge of their own learning" (National

Council of Teachers of Mathematics, 1989, pp. 58-59).

The successful implementation of the NCTM approach could provide future economic

rewards for students because employers are currently requiring that their workers have higher

mathematics skills than in the past and some of the most important conceptual skills which are

emphasized by the NCTM approach (e.g. the ability to solve problems, to make conjectures, and

to communicate both verbally and in writing) are increasingly valued in the workforce (Murnane

& Levy, 1996).

But these benefits may not accrue if a mismatch between the Standards and old tests

exists. The NCTM is clearly concerned about this possibility. It warned in its earliest Standards

document that "[i]n an instructional environment that demands a deeper understanding of

mathematics, test instruments that call for only the identification of single correct responses no

longer suffice" (National Council of Teachers of Mathematics, 1989, p.192, emphasis added).

Since issuing this warning, only a few states and school districts have experimented with

alternative assessments such as portfolios and open-ended question tests. Traditional assessments

continue to represent the status quo (Blank et al., 1995) and there are few signs of change. In

fact, some of the states that were experimenting with alternative assessments (e.g. California,

Vermont, and Kentucky) are now (for technical, economic, and political reasons) moving back

toward traditional assessments (Kirst & Masseo, 1996; Lawton, 1997). The current testing

environment therefore stands in stark contrast to the one envisioned by the creators of the

Standards. Given the prominence of the standards reform movement in general, and the NCTM

Standards in particular, this makes the mismatch question all the more compelling.
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Is there evidence that a mismatch exists? The NCTM does not present any, but critics of

the Standards argue that research suggests that the NCTM teaching approach will lower

standardized test scores of students, especially low-income and low-skilled students (e.g.Hirsch,

1996). Unfortunately, as I show below, the research base both supporting and countering this

claim has serious design flaws and offers inconsistent findings. These limitations are unsettling

given the prominence of the NCTM reform effort. Policy makers, educators, researchers, and

parents need to know: Do students taught in NCTM-like classrooms perform differently on

standardized assessments than students taught in traditional classrooms?

This study seeks to answer this question in order to provide insight into the broader policy

question of whether or not standards-based educational reform initiatives can succeed in today's

testing environment. For teachers to adopt the new approaches they must believe that they will

prove beneficial, but arguments of long-term economic payoffs may not be an effective catalyst

for change. The more immediate way teachers determine their teaching approach is by noting

how their teaching impacts student performance on the assessments given in their school (Koretz,

Linn, Dunbar, & Shepard, 1991; Resnick & Resnick, 1991). These assessments carry weight with

teachers since they frequently determine a student's immediate opportunities (e.g. access to

advanced mathematics courses and higher education) and, in some cases, even a teacher's (e.g. in

cases where individual teachers or schools are rewarded or penalized for test score performance).

I explore the mismatch question within the context of eighth and ninth grade introductory

algebra classrooms. Focusing on secondary mathematics instruction is important because it has

traditionally been understudied within the context of this domain of research. Looking at algebra

instruction is significant because algebra is recognized as a "gatekeeper" to future opportunities.

Students taking algebra are more likely to take more advanced mathematics in high school and to
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have higher mathematics performance by the end of high school (e.g. Smith, 1996; Stevenson,

Schiller, & Schneider, 1994), and taking algebra in high school increases the odds that students

make it to college (e.g. Pelavin & Kane, 1990).

This study includes both middle school (eighth grade) and high school (ninth grade)

algebra classrooms because the relationship between teaching and learning in algebra classrooms

could differ dramatically depending upon grade level. This could happen for two related reasons.

First, the academically advanced students take algebra in eighth grade, while most others take it in

ninth. This is both a national pattern (National Center for Education Statistics, 1992) and a

pattern in the sample of students included in this study. Second, this study, and prior research

(e.g. Metz, 1978; Oakes, 1985; Raudenbush, Rowan, & Cheong, 1993), has found that teachers

use different teaching approaches depending on the types of children they instruct. Classrooms

consisting of advanced students tend to receive an instructional approach more in line with the

Professional Standards, which emphasizes higher order thinking skills. This sorting of students

into various instructional "tracks" could result in academic inequities (McDonnell, 1995; Oakes,

1985). If these differences (in both student mathematical ability and teacher instructional style)

affect the relationship between teaching style and student performance on standardized

assessments, then the answer to the mismatch question could well depend upon the grade level of

the students.

Limitations of the existing research base

As noted above, the secondary mathematics instruction research base is both thin and

flawed. It is thin, in large part, because most researchers have been interested in exploring

whether the Professional Standards work. Answering the effectiveness question is entirely
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different from exploring whether a mismatch between the Professional Standards and traditional

tests exits. Since the NCTM and many researchers argue that standardized tests are not a valid

measure of the progress made in NCTM-like classrooms, answering the effectiveness question

requires that students be measured with non-standardized tests. Researchers interested in this

question have developed special assessments for their studies (e.g. Campbell, 1995; Hiebert &

Wearne, 1993).

But only studies which look at the relationship between NCTM-type teaching practices

and standardized test scores are relevant to this study and the findings from them are inconsistent.

While some argue that the teaching approaches which mirror those endorsed by the NCTM lower

standardized test scores (e.g. Hirsch, 1996) others have found that they boost them (e.g. Knapp &

Associates, 1995). Hirsch bases his claims on findings from early "process-product research" (i.e.

research which links classroom processes like teaching practice to products like test scores), one

of the most influential research traditions in the study of teaching (Brophy & Good, 1986;

Shulman, 1986). While numerous studies point to the same conclusion, generalizations from

these early process-product studies should be made with caution because the research was

conducted prior to the development of the learning theories embedded in the NCTM Professional

Standards.

The researchers who developed the learning theories used by the NCTM provided useful

insights about knowledge acquisition, but they offered no empirical evidence concerning the

relationship between the NCTM-endorsed teaching approaches and standardized, or even non-

standardized, tests (e.g. Case & Bereiter, 1984; Cobb & Steffe, 1983; Hiebert, 1986; Lampert,

1986; Lesh & Landau, 1983; Schoenfeld, 1987).
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A handful of recent process-product studies do directly test these learning theories using

traditional standardized tests. These studies suggest that students are not penalized if their

teachers used an NCTM-type approach in their classrooms (Carpenter, Fennema, Peterson,

Chiang, & Loef, 1989; Cobb et al., 1991; Knapp & Associates, 1995; Simon & Schifter, 1993). In

fact, Knapp and Associates and Carpenter et al. found that the NCTM-taught students sometimes

outperform their counterparts in more traditional classrooms.

How relevant are these studies to this study, and how much faith should be placed in their

overall conclusions? On the one hand, their relevance is limited since none of them explicitly

focused on secondary mathematics, let alone algebra, and two of them focused explicitly on the

early elementary grades (e.g.Carpenter et al., 1989; Cobb et al., 1991). On the other hand, each

of the studies did concentrate on themes at the heart of the NCTM teaching approach. Even if

these studies were relevant, are their conclusions believable? I will show below that all four have

their limitations.

For example, neither Simon and Schifter (1993). nor Cobb et al. (1991), established the

validity of their study's most important variable, teaching practice. Their findings rely on the

assumption that real differences exist between the teaching strategies employed in the treatment

and control groups. Simon and Schifter (1993) establish what type of teaching occurred in the

classrooms by using measures of student attitudes and beliefs toward mathematics. Common

sense would suggest that this approach only provides a very rough approximation of teacher

practice. The authors feed this skepticism by offering no information pertaining to the reliability or

validity of their measures. Cobb et al. (1991) also use an indirect way of ascertaining what the

teachers do in their classrooms. Though using teacher reports may seem to be an effective method

at first blush, the survey questions they use only ask about pedagogic beliefs, not practice. Recent

7
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research suggests that when teachers discuss their teaching in the abstract it often fails to

accurately capture what they do in practice (Burstein et al., 1995). Unfortunately, Cobb -et al.

offer no corroborating evidence to prove that beliefs and practice are correlated.

These studies are also limited by their lack of attention to confounding factors which

might drive their findings. Cobb et al.'s treatment group volunteered to participate in a summer

workshop and each volunteered to receive "extensive support" from the trainers throughout the

school year. The control teachers consisted of the other teachers (those who did not volunteer).

Were these teachers less interested in learning new teaching approaches? Were they more senior?

Less senior? Better educated? Less well educated? Of a certain gender or race? Raudenbush,

Rowan, and Cheong (1991) argue that a teacher's background and training affects the probability

that she emphasizes an NCTM-type approach in her classroom. Thus ignoring the profiles of the

teachers could be a major oversight if one wants to truly isolate the impact of teaching style.

Simon and Shifter used a design which controls for differences in teachers, yet their study

has other limitations. These researchers used a historical design where the teachers received the

intervention in the middle of the study. In the first year of the study teachers taught in their

typical fashion. Then, over the summer, before the second year of the study, the teachers

volunteered to receive training in the new teaching approach. After the second academicyear the

test results from the students from year one were compared to the test results from the students

from year two. Were there differences between the year one and two students? Was there a

"Hawthorne effect" (i.e. teacher expectations, not actions, changed student achievement)? These

questions illustrate why historical research designs are often viewed as problematic (e.g. Cook &

Campbell, 1979; Light, Singer, & Willett, 1990).

U 1
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Another potential confounding factor that both Cobb et al. and Simon and Shifter ignore is

that teachers use different teaching approaches depending on the overall makeup of their-

classrooms. Metz (1978) and Oakes (1985) found that classrooms comprised of more advanced

students are provided with more opportunity to engage in critical thinking, which may in turn

mean that their teachers use a more NCTM-like teaching approach. How were students sorted

into the classrooms in both of these studies? Were the more advantaged students placed in

classrooms with teachers who were more likely to use an NCTM approach? If this was the case,

to what degree did this affect their conclusions?

Knapp et al. (1995) and Carpenter et al. (1989) successfully avoided some of the pitfalls

which plague Cobb et al. and Simon and Shifter's research, but their work has significant

limitations, too. These authors, as well as Cobb et al. and Simon and Shifter, use pre-test scores

to help them measure student knowledge at one point in time, even though the limitations of this

approach have been well documented (Willett, 1994). First, this approach does what it is

supposed to do poorly. Most researchers use the pre-test to control for differences in the

students' initial status. However, a pre-test can only imperfectly control for initial differences and

this leads to biased parameter estimates (Rogosa, Brandt, & Zimowski, 1982). A second source

of bias comes from the correlation between the pre-test score and any unobserved influences on

student achievement, such as SES or parental involvement (Willett, 1994). Thus, by controlling

for initial status with a pre-test, these authors use a measure of achievement which probably

reflects more about student background characteristics than it does about student learning. To

avoid this problem, researchers should study growth in achievement over time by gathering at

least three measures of achievement (Rogosa & Saner, 1995).
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Finally, all four of these studies are flawed in their analyses. Because students are nested

within classrooms, it is likely that there are unobserved student characteristics within each

classroom which are highly correlated with one another. It has been well documented that this

situation, left unattended, results in biased estimates of the parameters' standard errors (Bryk

& Raudenbush, 1992). Thus, these authors create some doubt about what they proclaim is,

and is not, statistically significant. Each of these concerns is addressed in the design of this

study, which is described next.

Methods

The Study Site
The target population consists of all Algebra 1 students and their teachers in one of the

country's largest school systems. The Elm school district (a pseudonym for the actual district)

rings a major city and has over 100,000 students. Seventy percent of the student population are

black, 20 percent white, 4.6 percent Hispanic, and 4.4 percent Asian. Thirty-seven percent of the

students receive free or reduced price school meals.

There are several compelling reasons why Elm made a superb location for this study.

Many school districts offer lip service to implementing the Professional Standards, but few

actually provide the necessary incentives and training . Elm is an exception. In 1989, just after the

release of the first NCTM Standards document (National Council of Teachers of Mathematics,

1989), the Elm school committee recommended that the Standards be implemented in all

mathematics courses. The incentive for teachers to adopt the Standards came from the state's

testing program and the professional training offered by the College Board's EQUITY 2000

project.

10
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The state in which Elm resides is one of the only states in the country using an "authentic"

assessment program. The program has been in place for several years and in many respects is

aligned with the Professional Standards. The College Board's EQUITY 2000 project may also

have influenced whether teachers used the Professional Standards. In 1991, as part of this

project, the College Board committed over $2 million to conduct five annual summer

professional development institutes for all Elm algebra teachers. The Institutes focused on

teaching the teachers to use the Professional Standards in their algebra classrooms (Choike, 1993)

and the average teacher attended at least two institutes.

Population and the Attained Sample
The target population (shown in Table 1) for this study includes all black and white, eighth

and ninth grade Algebra 1 students who remained in Algebra 1 and had the same teacher for the

entire 1995-1996 school year.2 The analytic sample includes the students who met the following

three criteria: (1) their teachers completed a survey; (2) they completed at least two of the three

algebra tests; and (3) they had complete data for all other background measures used in the

analysis.

Table 1 shows that 67% of the students, 74% of the teachers, and 91% of the schools met

the exclusion criteria and were therefore included in the analytic sample. Over 85% of the

student, 98% of the teacher, and 100% of the school data loss is explained by missing survey data.

This is not to say that the survey response rate was low; in fact, 80% of the teachers who taught

algebra for the full year completed the survey. The teachers who completed a survey are not

statistically different (in years of teaching experience, highest degree attained, gender, or

ethnicity) from those who did not. The story is not so simple for the students. A two sample t-

test comparing the means of high school and middle school students with missing data to the
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students without missing data across non-missing measures established that the attained high

school sample is disproportionately black, has a slightly lower basic math skills score, and a

slightly lower SES level. The attained middle school students have higher values on each of the

academic ability measures used in the analysis. These differences indicate that generalizing this

study's findings back to the target population should be done with caution.

Table 1 Here

Measures
In order to answer the primary research question (Is there a mismatch between traditional

testing and new teaching approaches?), and control for important confounding factors, indicators

on five factors were obtained. These factors are: (1) student mathematics achievement; (2)

teaching style; (3) teacher background characteristics; (4) student background characteristics; and

(5) the school environment.

Mathematics Achievement

To measure the impact of classroom practices on student learning, the Elm testing

department administered three criterion referenced algebra tests. The first test was created

explicitly for this study, consisted of 50 multiple choice items, and was administered in early

September. The second and third tests are routinely given to all algebra students in early January

and late May and each consisted of 25 multiple choice items. The estimated Cronbach's alpha

reliability coefficient for each test was .79, .70 and .74, respectively. Students were given an

unlimited amount of time to complete each exam and item response theory (IRT) was used to

scale the test scores and thereby make them directly comparable across testing periods

(Hambleton, Swaminathan, & Rogers, 1991).

12
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In order to answer the primary question in this study.learning was measured using

traditional tests. These tests could not be construed as non-traditional because they are criterion

referenced and rely exclusively on a multiple choice format (see sample questions presented in

Table 2)

Table 2 Here

Teaching Style

All of the measures of the level of implementation of the NCTM teaching approach, and

teacher background characteristics, and some of the measures of the school implementation

environment come from the teacher survey developed for this study. All of the questions on this

survey come from one of five prominent recent surveys (McLaughlin & Talbert, 1993; Pallas,

1988; Porter et al., 1993; Weiss, Matti, & Smith, 1994; Talbert, 1994) which investigated themes

at the heart of this study.

Table 3 Here

All three of these model surveys only requested that teachers report how often they used

various teaching methods (e.g. every day, twice a week, etc.) and not the duration over which the

activities were used (e.g. five minutes at time, 15 minutes, etc.). By adding duration response

options to my survey I could estimate the average percent of class time ( = frequency x duration)

teachers spend using each of the 17 teaching activities. Table 3 lists the 17 approaches used to

gauge the percent of time each teacher used NCTM teaching activities in his or her classroom.

While evaluating the amount of time teachers use each of the 17 activities is informative, it

can also be somewhat misleading because the activities are not mutually exclusive. Teachers could

require students to be engaged in activities that include both NCTM and traditional components
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(e.g. students use calculators when they work on textbook problems). Consequently, I identified

the preferred pedagogical style of the teachers by creating an indicator of the percent of time that

teachers spend using the 13 NCTM approaches (relative to all 17 approaches). The composite

measure of these 13 variables has a very high internal reliability rating (a.=.85).

Reliability and validity of self-reported teaching data

As noted above, the state curriculum frameworks movement reflects a new direction for

educational policy. This explains why it was only in the late 1980s that researchers and policy

makers began to push for the routine collection of data which provided information on the

schooling process (e.g. Murnane & Raizen, 1988; OERI, 1988; Porter, 1991; Shavelson,

McDonnell, Oakes, Carey, & Picus, 1987). In response, some of the major national research

organizations, such as the National Assessment of Educational Progress and the National Center

for Education Statistics, began adding questions to their student, teacher, and school

administrator surveys. However, Burstein et al. (1995) pointed out that the validity of the

questions used on these surveys might be limited. They noted, "Little effort has been made to

validate these measures by comparing the information they generate with that obtained through

alternative measures and data collection procedures" (1995, p. 8). Why should there be

skepticism about teacher reported data pertaining to the instructional process? Burstein et al.

(1995) argue that all surveys are

limited in their ability to portray a valid picture of the schooling process... [S]ome aspects
of the curricular practice simply cannot be measured without actually going into the
classroom and observing the interactions between teachers and students. These
interactions include discourse practices that evidence the extent of students' participation
and their role in the learning process, the specific uses of small-group work, the relative
emphasis placed on different topics within a lesson, and the coherence of teachers'
presentations (p. 7).

117
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Surely, this perceived limitation of surveys, combined with policy makers' and

researchers' historical emphasis on input-output studies, helps explain why, to date, much of what

is known about the instructional process comes from in-depth studies done in only a handful of

classrooms. The problem with these in-depth studies is that their generalizability to other

classrooms is unknown (Burstein et al., 1995).

Consequently, Burstein et al. (1995) and Porter et al. (1993) began studying the validity of

using surveys to examine classroom instruction. They found that surveys can provide accurate

information about the teaching strategies most frequently used in classrooms. But because only a

limited amount of this type of research exists, and because the quality of the teaching style

measure is critical to this study, I conducted my own study of the NCTM measure's reliability and

validity.

The survey questions pertaining to teaching style were re-administered four months later

to a random subset of 20 teachers in order to see if the survey elicited consistent responses

between two time points. For this subset, the correlation between the first and second NCTM

composite was .69 (p = .0013) thus providing assurance that the survey is quite reliable.

For the validity study I selected a random sample of nine teachers and observed them each

for three class periods. These teachers were selected by an independent researcher in order to

ensure that my observations would not be colored by knowing the teachers' self-reported NCTM

scores in advance of collecting and coding the data. I found that the observed and self-reported

NCTM scores are strongly correlated (r=.85, p=.004).
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Other Important Measures

Student, teacher, and school level phenomena were accounted for because not accounting

for these factors would most likely lead to a biased estimate of the relationship between the

NCTM teaching approach and learning.

The student demographics include race/ethnicity (white or black), gender, and

socioeconomic status. SES is measured on a three point scale (2=free lunch, 1=reduced priced

lunch, 0=no assistance).

In order to avoid having selection bias drive my findings (which could happen if the most

talented students both receive the teachers who place the most emphasis on the NCTM teaching

approach and have the fastest growth rates), three measures of prior academic ability are used as

controls. The students' prior year's grade point average (GPA) from their core courses (English,

mathematics, social studies, and science) gauges overall academic ability. Each student's most

recent score on a state-administered criterion-referenced mathematics basic skills tests measures

mathematics ability. (All students in Elm take this test beginning in sixth grade and must take it

annually until they pass it. The time at which the students pass it is accounted for in the analysis.)

The third ability measure is the fall criterion-referenced algebra test which is described above.

Several teacher variables were included in the analysis. The basic demographic variables

consist of race/ethnicity, gender, highest educational degree attained (O =B.A. in any subject,

1=M.A. in any subject other than mathematics or mathematics education, 2=M.A. in mathematics

or mathematics education), and the number of years teaching. Three variables assess the teacher's

attitude toward embracing the NCTM reform: EQUITY 2000 Summer Mathematics Institute

(SMI) attendance, a commitment to teaching composite (a=.72), and a gauge of the teacher's

faith in their students' ability to pass algebra.
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Seven school environment variables were used. Three are equally weighted composites

created from teacher self-reports. These variables measure the degree of collegiality (a=:88),

principal leadership (a=.94), and building-level problems (a=.78). The other variables come from

central office files and include school size, the percent of students who are black, the percent of

students receiving free or reduced lunch, and the percent of students absent more than 20 days

out of the year.

Data Analysis
Hierarchical linear modeling (HLM) (Bryk & Raudenbush, 1992) can account for the

hierarchical nature of these data (i.e. test scores nested within students and students nested within

teacher's classrooms) and is therefore an appropriate statistical approach for estimating how

student learning is influenced by student, classroom, and school processes. The models I fit linked

student test scores, student background characteristics, and classroom and school predictors using

three levels of statistical models. The "level 1" model expresses a student's observed knowledge

as a function of time and takes the form:

Ytij Thoi;

"initial status"
TC ii(TIME)tij

"growth rate"
etij, where eti; N (0, 62)

This growth trajectory model describes the observed status of student i at time t in teacher

j's classroom as a function of time plus random error. Yti; is the test score at time t for child i in

teacher j's classroom. TIME is coded 0, 1, 2. Zero represents the fall test score, 1 represents the

winter test score, and 2 represents the spring test score. By scaling TIME in this way, noi;

represents the initial status for person i (i.e. their test score at the beginning of the school year)

and nii; represents the growth rate for person i over the course of the 1995-1996 academic year.
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nib depicts predicted learning during a four month interval (The amount of time between each of

the three exams).

The "level 2" models express the parameters from the level 1 model as a function of

student characteristics in order to test whether the trajectories vary across individuals. The "level

3" models express parameters from the level 2 model as a function of NCTM (and other teacher

and school characteristics) and allows me to determine whether the parameters in "level 2"

models differ across classrooms. For a more complete description of this commonly used

statistical technique see Bryk and Raudenbush (1992).

The NCTM Standards & Growth In Algebra Learning

Table 4 presents the means and standard deviations for all variables included in the study.

The table illustrates just how different the middle school students are from the high school

students. The means for the two groups are statistically different on each of the measures used in

the analysis. The difference stems, in large part, from the fact that the "advanced" students in Elm

take algebra in the eighth grade.

Figure 1 provides information about the preferences teachers give to each of the 13 NCTM tasks

included in the composite. For example, both middle and high school teachers frequently use the

most generic NCTM tasks (e.g. working in small groups and using calculators) while giving scant

attention to some of more innovative approaches (e.g. working on individual projects, group

investigations, and writing about mathematical problems). A striking difference between the

middle and high school teachers is that seven of the 13 NCTM tasks listed in the figure are used

less than eight percent of the time in the high schools, while only one of the NCTM tasks is used

less than eight percent of the time in the middle schools. This indicates that, on average, when

18 21



New Teaching Standards

middle school teachers use the NCTM approach, they tend to use a variety of teaching

techniques, while the high school teachers have a much more limited repertoire. This finding

implies that middle and high school teachers who report using NCTM approaches the same

percent of time are not actually teaching in the same manner.

Table 4 Here

The NCTM composite offers a more sharply focused look at how the middle and high

school teachers differ in terms of their enthusiasm for the NCTM teaching approach as a whole.

High school teachers spend, on average, 63% of their time using NCTM tasks, while middle

school teachers spend 80%. These differences between the middle and high schools teachers'

pedagogical approaches lends support to the "sorting" hypothesis advanced by Metz, Oakes, and

Raudenbush et al. (1978; 1985; 1993). The middle school algebra students in Elm are certainly

the more academically advanced and they definitely receive much more exposure to the NCTM

approach than their less advanced counterparts in the high schools.

Figure 1 Here

Variation Partitioned

A fully unconditional three level growth model (e.g. the only predictor of test scores was "time"

at level-1) indicates that while a large amount of variance in growth rates exists within students a

substantial amount of potentially explainable between-student, and between-teacher variation

exists in both the middle and high schools (see Table 5). This implies that student growth

trajectories differ substantially among teachers and could potentially be related to teaching style.

Table 5 Here
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High School Growth Models
The first model presented in Table 6 illustrates that a significant, and large, sorting effect

exists even within the high schools (not just between the middle and the high schools). The model

indicates that the predicted fall test score for students whose teacher's NCTM score is two

standard deviations (sd=.21) below the mean is 463, while students in classrooms where the

NCTM score is two standard deviations above the mean would have a fall test score of 475, an

almost one-half a standard deviation difference.

Model 2 shows that this 12 point gap in the predicted fall test scores can be accounted for

by adding other significant student, teacher, and school variables. Black students are predicted to

have a 8.4 lower initial test score, while higher SES levels and higher math skills are associated

with higher math scores. Students who pass the state math skills test in sixth grade scored 9

points higher on the fall test than other students. The number of problems in the school and the

percent of black students are negatively related to fall test scores, while school absentee rates are

positively associated with them. The absenteeism finding is surprising given that the higher the

absentee rate the worse the academic climate. This unusual pattern appears to represent a

skimming effect whereby the best students in these disadvantaged schools remained in the final

sample.

Model 3 adds NCTM to the growth rate portion of the model, and Model 4 adds

additional significant predictors. These models reveal that no significant relationship exists

between NCTM and a student's rate of growth. Since E.D. Hirsch and the early process-product

studies claim that the NCTM teaching approach should negatively interact with a student's ability

and SES level, I tested for this interaction. None exists. Thus, Model 4 illustrates that the NCTM
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approach does not have an effect on growth rates at the high school level, though some other

variables are related to growth. Students in larger schools are predicted to gain at a faster rate

than students in smaller schools, high-GPA students grow faster than low-GPA students, and

black students grow faster than whites (a very important finding which is beyond the scope of this

article).

Table 6 Here

Middle School Growth Models
A series of models displaying the relationship between NCTM and algebra learning in the

middle schools are presented in Table 7. As in the high school example, the first model illustrates

that a significant and large sorting effect exists within the middle schools. The predicted fall test

score for a student who has a teacher whose NCTM score is two standard deviations (sd=.26)

below the mean would be 482, while a student in a classroom where the NCTM score is two

standard deviations above the mean would have a fall test score of 496, a difference of over two-

thirds of a standard deviation.

Model 2 illustrates that black students are predicted to have a lower fall test score than

white students, while high SES and high achieving students (i.e. high-GPA, high math skills, and

students who passed the math skills test in sixth grade) are predicted to have higher fall test scores

than their respective low SES and low achieving counterparts. The number of building-related

problems is negatively related to fall test scores, while a teacher's attendance at the SMIs, the size

of the student body, and the level of absenteeism are positively related to the pre-test. Model 3

illustrates that the main effect of NCTM is not significant (p-value = .20). But the addition of

other predictors in Model 4 changes things. NCTM is positive and marginally significant (p-value
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= .09), as is an interaction between NCTM and the student's prior year's GPA (p-value = .09).

This model indicates that all middle school students are predicted to grow more rapidly in

classrooms where the teacher emphasizes an NCTM approach, but the higher the student's prior

year GPA, the more they will respond to the approach.

Model 4 also indicates that other student, teacher, and school variables are significantly

related to growth. Prior student ability is positively related to growth, as is the level of faith that

teachers have in their students and the level of commitment teachers have in their jobs. Both faith

and commitment interact with student GPA, but they do so in different ways. As student GPA

increases, the magnitude of the effect of faith decreases, but the magnitude of the effect of

commitment increases. School size is positively related to student growth rates, but for some

reason principal leadership is negatively related to growth.

The finding of a positive effect of NCTM and its interaction with GPA is sensitive to the

presence of a high leverage point (one teacher's NCTM score is three standard deviations below

the mean). Refitting the model with the leverage point set aside (Model 5) results in the

NCTM*GPA term becoming highly significant (p-value < .002) and the coefficient's magnitude

increasing by one-third. In addition, the p-value for the main effect of NCTM raises to .37 and

the magnitude of the coefficient is almost cut in half The removal of the high leverage point

suggests that students with low GPA's (at least one standard deviation below the mean) receive

close to no benefit from the NCTM teaching approach. This suggests that the reason the high

school students do not respond to the NCTM teaching approach may be due to the fact that they

are a relatively low skilled group of students.

Table 7 Here
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Figure 2 illustrates the magnitude of the effect of NCTM in the middle schools. These

results are based on Model 4. The figure presents the predicted growth trajectories for two types

of middle school black students (a high and a low-GPA student, defined as one standard deviation

above and below the mean GPA) under two different scenarios (placed in a high or low NCTM

classroom, defined as 20 percentage points above and below the mean NCTM level). (All other

variables were set to their mean values.) The most important message is that the algebra

knowledge of a low-GPA, as well as high-GPA, student is predicted to grow faster in the middle

schools if they are in high NCTM classrooms. A typical low-GPA student is predicted to be nine

points (one-third of a standard deviation) better off being in a high versus a low NCTM

classroom. High-GPA students clearly reap more benefits from the NCTM approach: they are

predicted to be 17 points (over one-half a standard deviation) better-off by being in a high versus

a low NCTM classroom.

The figure also illustrates important information about the performance gap between high

and low-GPA students. The low-GPA students score, on average, three points lower than their

high-GPA counterparts in the fall. If a low-GPA student were to be in a high NCTM classroom

and the high-GPA student were to be in a low NCTM classroom, the low-GPA student might

actually score three points higher on the spring test. But this scenario is unlikely given that the

high-GPA students are sorted into the high NCTM classrooms. In fact, the more likely scenario is

that the high-GPA students receive high NCTM teachers and the low-GPA students receive the

low NCTM teachers. The predicted result of this sorting is that the three point gap between these

students in the fall balloons into a gap of 23 points (over two-thirds ofa standard deviation) by

the spring.

Figure 2
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Variation Explained
Table 8 illustrates that almost 45% of between-teacher growth variation was explained in

the middle schools and that only about four percentage points of this reduction was explained by

the NCTM composite. In the high schools, only 20% of between-teacher growth variation was

explained and none was explained by the addition of the NCTM variable.

Table 8 Here

Discussion

My results indicate that a dangerous mismatch does not exist in the Elm schools. Student

test scores are not hurt, and for some they are helped, by using the Professional Standards with

old tests. This suggests that critics of the NCTM teaching approach (e.g. E.D. Hirsch) may not

be justified in their claims that the Professional Standards lead to declines in standardized test

scores. Stakeholders who believe that a back to basics teaching style must be used because that's

what the tests measure, are provided with no evidence that such a teaching approach will benefit

high school algebra students in Elm, and this study suggests that a back to basics approach will

even harm Elm middle school students.

Limitations of this Study
In carrying out further research in this area, and in interpreting my findings, some

limitations of this study should be considered. One limitation is that the study's findings only

generalize to the white and black eighth and ninth grade algebra students who remained with one

teacher for the whole year in Elm. A second limitation is that this study, and any study which

does not randomly assign its subjects to the treatment, is that it only imperfectly controls for

student, teacher, and school differences.
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A third limitation involves the teaching style measure. Even though I found that this

measure presents a valid and reliable measure of the amount of time teachers spend using the

NCTM approach, the measure is still limited by its inability to gauge the quality of the interactions

between the teacher and her students. The lack of finding in the high school may be due to the

fact that the NCTM measure does not adequately account for subtle differences in the quality of

the implementation of the NCTM approach. A more discriminating measure that could pick up

these differences could potentially unravel the high school-middle school differential. The

problem for researchers is to identify a way to create a measure, or series of measures, that can be

gathered relatively inexpensively from a number of classrooms. In-depth studies of the teaching

process are informative, but, as noted above, generalizing from them is difficult because they can

only be conducted in a very small number of classrooms.

This study's NCTM measure, however, does clearly measure something relevant. The

patterns of NCTM exposure are consistent with what has been found in prior research (i.e. the

most talented students get more exposure to an NCTM-like teaching style). If the measure were

meaningless, I would not have identified statistically significant relationships between it and the

student's initial test scores and growth rates.

Research Implications
These findings contradict the findings from the early process-product research and

corroborate the findings of later process-product research. The early studies suggested that all

students, but especially low-income low-achieving students, would be harmed by using some of

the teaching approaches recommended by the Professional Standards (Brophy & Good, 1986).

Hirsch recently argued that this research has "consistently shown" that an NCTM type approach

is "the least effective approach" to teaching and that no other "mainstream research" exists to
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refute these findings (Hirsch, 1996, p. 216). Using the early. studies to pass judgment on the

Professional Standards is problematic because the teaching measures used in those studies predate

the development of the learning theories used in developing the Professional Standards and thus

are not tightly coupled with the Professional Standards.

Each of the few post-Standards process-product studies (i.e. this study and Carpenter et

al., 1989; Cobb et al., 1991; Knapp & Associates, 1995; Simon & Schifter, 1993) has a more

precise definition of the teaching approach emphasized by NCTM, and each of these studies finds

that students taught in a manner consistent with the NCTM approach do at least as well, if not

better, on a traditional multiple choice test as their peers in more traditionally taught classrooms.

This should give pause to those who cite the pre-Standards process-product studies as evidence

that the Professional Standards are harmful.

But critics of the Professional Standards may have justifiably turned to the early process-

product studies for answers because the post-Standards process-product studies are relatively

limited in both their number and quality. For this reason, future studies looking at the relationship

between the NCTM Professional Standards and standardized tests are badly needed. New studies

need to be designed to both avoid the pitfalls earlier researchers fell into (see above), and to

answer questions raised by this study.

One of the most pressing questions my study provokes is the following: why do the high

ability students, on average, benefit most from the NCTM approach? This question is particularly

relevant given NCTM's (1991) claim that the approach is appropriate for students of all ability

levels, and Hirsch's (1996) counterclaim that all students, especially low-achieving students, will

be harmed by an NCTM approach.
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Is this finding specific to algebra instruction? Unfortunately, both the early and late

process-product studies have focused on the primary grades and given scant attention to the

secondary grades, let alone algebra. More studies focused exclusively on algebra are needed.

Could it really be that only the more "talented" students respond to the NCTM teaching

approach? The fact that an effect only exists in the middle schools, and that it is more

pronounced for the more academically talented students in the middle schools, suggests that this is

possible. As noted above, some of the recent process-product studies have virtually ignored the

ability level of the students in their analyses (Cobb et al., 1991; Simon & Schiffer, 1993). This is a

lost opportunity for two reasons. First, historically, teaching approaches have been found to be

more or less effective with students of different abilities (Brophy & Good, 1986). Second,

students in this study do not appear to be assigned randomly to teaching approaches. The most

talented students in both the Elm high and middle schools received teachers who were most likely

to use the NCTM approach. Though prior research has documented this type of phenomena (e.g.

Metz, 1978; Oakes, 1985; Raudenbush et al., 1993), almost none of the post-Standards process-

product studies investigated or adequately controlled for this sorting process. Future research

should be sure to do so.

But is the difference in the impact of NCTM on growth rates really due to differences in

student ability level? Perhaps, but other plausible explanations exist at the school, teacher, and

student level and these should be explored. At the school level, a plausible explanation could be

the following: Because middle schools in Elm have student populations and levels of absenteeism

that are half that of the high schools, dramatically different teaching and learning environments

could exist in these institutions. Because the NCTM approach demands a kind of intense teacher-
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student interaction, it might be that the approach either works better or is easier to implement in

the more intimate middle school setting.

A teacher-level explanation for the differential in the effectiveness of the Professional

Standards might focus on the qualitative differences in the implementation of the NCTM approach

between the middle and high schools. Perhaps the high school teachers are less effective because

they embrace the more generic NCTM tasks (e.g. working in small groups and using calculators)

rather than the more precise and innovative ones (e.g. working on individual problems, group

investigations, and writing about mathematical problems). Possible reasons for this include state

level policies, institutional operating procedures, and student factors. The state's eighth grade,

not ninth grade, testing program uses an "authentic" assessment to hold schools accountable.

This could explain why middle school teachers are more likely to use the NCTM teaching

approach in their classrooms. An institutional operating procedures argument would be that high

school teachers are given less time to master how to use the NCTM tasks. A student argument

would be that because high school algebra students are less academically talented, their teachers

assume that only certain types of NCTM approaches could be used with them effectively.

A student-level explanation for the difference in effectiveness might focus on

developmental issues. Does the stage of psychological and academic development of the middle

and high school students affect their receptivity to the NCTM approach? Though only one year in

age separates most eighth and ninth grade students, it is conceivable that, developmentally, the

eighth graders are more responsive to working in groups, discussing ideas, and engaging in hands-

on learning, while this teaching approach is distracting or uninteresting to ninth graders.

While these questions remain to be answered by further research there are some important

relevant findings which this study produced.
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Policy Implications
The United States has launched an unprecedented educational reform movement in which

the NCTM Professional Standards play a critical role. The movement is visible in the spate of new

state curriculum frameworks, the federal government's Goals 2000 initiative, and the professional

curriculum associations' newly created standards documents. This reform effort stands in sharp

contrast to earlier efforts because it intends to change curriculum and teaching practices. In the

past, policy makers have tinkered at the edges of the classroom, trying to foster improvement by

reallocating resources and by setting outcome goals. The perceived failure of these policies has

led to the country's current interest in educational standards aimed at carefully shaping what

happens in the classroom.

This study provides policy makers with evidence that the traditional multiple choice tests

that characterize the current testing environment may not directly undermine the standards

movement in Elm, but they might not help move it forward, either. Given that tests influence

teaching behavior (Koretz et al., 1991; Resnick & Resnick, 1991), as long as standardized tests

are used to gauge student growth in algebra learning, the high school teachers--teachers of the

lowest achieving students in Elm--will not receive any incentive from the test results to change

their teaching style. Middle school algebra teachers, on the other hand, do receive some incentive

to adopt the NCTM teaching approach.

If policy makers want both to continue to use traditional standardized tests to measure

student performance and to see the new mathematics standards implemented, they should

consider that high school teachers may need more coaxing to embrace the NCTM approach than

their middle school counterparts.
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Those who see algebra as a gatekeeper to future opportunities may interpret these findings

in two distinctly different ways. Because the disadvantaged students that algebra advocates want

to help (e.g. the high school students who are the predominantly black and poor students in this

study) do not receive any boost in their test scores from the NCTM approach, this suggests that

experimentation with a yet to be identified, more effective teaching approach might be warranted.

On the other hand, if, as the NCTM advocates argue, students are learning some important

additional skills which are not measured by traditional standardized tests (e.g. the ability to solve

problems, to make conjectures, and to communicate both verbally and in writing), then sticking

with the NCTM approach would prove beneficial in the long run, since these skills have been

identified as economically beneficial (Murnane & Levy, 1996). The trick will be findinga way to

encourage the high school teachers to use the NCTM approach even if their students do not

perform any better on the old tests.

The significant sorting effect between and within the middle and high schools should give

pause to all who are concerned with educational equity. This study corroborates prior research

that teachers use different teaching approaches depending on the skill level of the children they

instruct (e.g. Metz, 1978; Oakes, 1985; Raudenbush et al., 1993). In particular, the academically

advanced students are more likely to receive more exposure to the NCTM teaching approach.

The sorting of students into various instructional "tracks" using varying levels of the

NCTM approach causes performance inequities within the middle schools because all middle

school students benefit from the approach. In the high school, because neither low- nor high-

achieving students appear to benefit from the Professional Standards (at least according to their

performance on traditional multiple choice tests), the inequity is more subtle. Because the reform
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initiative was conceptualized to benefit everyone, its uneven. implementation undermines this

original vision.

For the standards movement to truly improve the quality of education in the United States,

researchers, policy makers, and practitioners must pay close attention to the implementation

environment. In this study I focused on the relationship between new teaching standards and old

tests because the advocates of the new standards claim that the continued use of old tests will

create a disincentive for teachers to embrace the new standards. Prior research exploring this

issue has serious design flaws, offers inconsistent findings, and has focused almost exclusively on

the primary grades. This study corrected for these limitations and found that that the fears of a

mismatch between the new standards and the old tests are not entirely warranted in algebra

classrooms. Middle school algebra students learn algebra at a faster rate when their teachers use

the NCTM Professional Standards, but the learning rates of the disproportionately low-achieving,

black, and poor high school students are unaffected. If, as the reformers claim, there are benefits

that students receive from the NCTM approach which are not measured by the old tests, then the

current implementation environment may be fostering inequities by failing to offer the teachers of

the low-achieving students any incentive to adopt the approach.
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TABLE 1: The target population and the analytic sample (the percent of target population
included in the analytic sample is shown in parentheses).

Target population
Students Teachers Schools

Middle School 2070 49 25
High School 1444 78 20
Total 3514 127 45

Analytic sample
Middle School 1400 37 22

(68%) (76%) (88%)

High School 969 57 19

(67%) (73%) (95%)

Total 2369 94 41
(67%) (74%) (91%)
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TABLE 2: Sample questions from the criterion referenced algebra tests.

1) Factor: a2 - 7a + 6 =

A. (a-1) (a + 6)
B. (a + 1) (a + 6)
C. (a - 1) (a - 6)
D. (a + 1) (a - 6)

2) If the ratio of x to y is 3 to 4 and the ratio of y to z is 2 to 1, then
the ratio of x to z is:

A. 3 to 2
B. 3 to 1
C. 2 to 4
D. 2 to 3

3) An automobile is moving at "r miles per hour, and an airplane
is moving four times as fast. How many hours will the plane
require for a 600 mile flight?

A. 1600/r
B. 4r/600
C. 600 - 4r
D. 600/4r

4) Consider line b below. Two points on the line are indicated.
Determine the equation of the line.

A. y = -2x + 2
B. y = 3x + 2
C. y = 2x + 2
D. y = -x + 2

6
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TABLE 3: The 17 teacher practice variables used to assess -the percent of time teachers spend
using the NCTM teaching approaches with their students.

Traditional Approaches
Students...
Listen to lectures
Work from a textbook
Take computational tests
Practice computational skills

NCTM Approaches
Students...
Use calculators
Work in small groups
Use manipulative materials
Making conjectures
Engage in teacher led discussion
Engage in student led discussion
Work on group investigations
Write about problems
Solve problems with more one correct answer
Work on individual projects
Orally explain problems
Use computers
Discuss different ways to solve problems

37
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TABLE 5: The amount of within-student variance, and the amount of between-student and
between-teacher variance at initial status and growth.

Middle Schools High Schools

Variance
% of total
variance Variance

% of total
variance

Within Student Variance 373.4 100 552.5 100

Initial Status
Between Students 53.5 37.8 47.8 24.0
Between Teachers 88.0 62.2 151.5 76.0
Total 141.5 100.0 199.3 100.0

Growth
Between Students 40.8 37.2 12.4 13.4
Between Teachers 69.0 62.8 79.9 86.6
Total 109.8 100.0 92.3 100.0

8This represents the variance in observed scores about an individual's growth
trajectory.
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TABLE 8: Variances and variance accounted for in student growth rates between teachers.

Model

Middle School High School

Variance
Percentage
reduction in

variance

Percentage
Variance reduction in

variance

1) No predictors 66.8 78.9

2) Student predictors 60.5 9.4 74.6 5.4

3) Student & Teacher predictors 52.6 21.3 74.6 5.4

4) Student & Teacher & School
39.7 40.6 62.8 20.4

predictors
5) Student & Teacher & School

37.0 44.6 62.8 20.4predictors & NCTM

39
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FIGURE 1:The average percent of time middle and high school teachers use the NCTM teaching
approaches.
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FIGURE 2: Projected growth in middle school algebra learning.
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2. The population was restricted to black and white students and eighth and ninth grade students for two
separate reasons. The ethnic restrictions were made because: the number of Asian, Hispanic, and
American Indian students in the target population are both limited in terms of sheer numbers (204, 105,
and 14 respectively) and they are clumped into only a handful of teachers' classrooms. This restricted my
statistical power and caused me to call into question my ability to make reliable estimates for these ethnic
groups. The sample was restricted to eighth and ninth graders (who make-up about 85 percent of the
target population) because the students in the other grades (seventh, tenth, eleventh, and twelfth) were
qualitatively different and had severe missing data problems which prevented me from adequately
accounting for their differences.
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